Abstract-In our visual world we can distinguish with ease between chromatic and luminance contrasts. However, in our retinae most neurones are responsive to both chromatic and luminance changes and therefore send ambiguous or 'multiplexed' information to the higher visual centres. Psychophysical evidence suggests that some cortical process must subsequently separate out this information into its chromatic and luminance components. The purpose of this communication is to review and critically evaluate the different existing schemes for doing this. To assist in this evaluation a linear systems analysis is employed in which model cortical neurones are imputed with the property of providing information about either colour or luminance. It is concluded that there is currently no unified scheme available to explain a separation of colour and luminance information in the visual system. Some theoretical considerations and most promising approaches to solving the problem are noted, but it is suggested that there may be definite limits to the ability of the visual system to achieve complete separation of colour and luminance from the retinal signal.
INTRODUCTION
The spectral and intensive content of reflected light is our main source of information about the world around us. The variations in wavelength across the image arise principally from changes in the spectral reflectance of objects and thus inform us about material changes in the world. Variations in intensity arise either from changes in (luminance) reflectance or changes in the condition of illumination (e.g. from shading and shadows). They thus inform us about changes in material (reflectance), structure (e.g. shape from shading), and illumination (e.g. shadows). The spatial pattern of illumination of objects can vary considerably over space and time, causing changes in local luminance contrasts both at object borders and within object surfaces and thus it would make sense for the visual system to be able to distinguish between colour and luminance contrasts precisely in order to distinguish material from illumination changes.
The idea that the visual system possesses separate mechanisms for processing luminance and colour information was first implicit in Hering's (1920) opponent-colour theory, later developed quantitatively by Hurvich and Jameson (1955) . Hering argued that colour appearance involved combinations of three independent opponent processes: black-white (i.e. brightness), red-green and yellow-blue (both chromatic). More recently support for the notion of separability of colour-luminance mechanisms within the visual system has come from a variety of different sources. In the psychophysical literature, the existence of separable colour and luminance mechanisms is indicated by the lack of subthreshold summation between colour and luminance contrast (Switkes et al., 1988; Cole et al., 1990; Mullen and Losada, 1994 ; but see Gur and Akri, 1992 for the contrary result), and by the lack of cross masking between colour and luminance in studies which use broad band noise masks (Gegenfurtner and Kiper, 1992; Losada and Mullen, 1995) .
Adaptation studies and spatial masking studies have addressed the extent to which these mechanisms remain independent at suprathreshold contrasts, or whether either may have some reduced sensitivity to contrast in the cross condition. Independence has been demonstrated most convincingly in the failure to find significant cross adaptation between colour and luminance stimuli (Krauskopf et al., 1982; Bradley et al., 1988) . In the masking studies the results have been equivocal, and limited interactions are likely at high mask contrasts. Switkes et al. (1988) find significant masking of luminance contrast detection by colour, although not vice versa, whereas Mullen and Losada (1994) find some cross masking in both conditions confined to high contrasts. Gegenfurtner and Kiper (1992) and Losada and Mullen (1995) using noise masking report independence of colour and luminance contrast except at high noise spectral densities. There are a number of studies which have demonstrated facilitation for the detection of colour contrast by suprathreshold levels of luminance contrast under a wide variety of conditions (Hilz and Cavonius, 1970; Hilz et al., 1974; Switkes et al., 1988; Cole et al., 1990; Mullen et al., 1992) . However, the facilitation observed in these studies is believed to be due to higher-order effects such as the demarcating of the chromatically defined region of interest by the facilitating luminance discontinuity and is not explained by luminance contrast and chromatic contrast directly stimulating a common detection mechanism (Cole et al., 1990; Eskew et al., 1991) , or the detection of local chromaticity changes in the stimulus (Mullen and Losada, 1994) . Thus the evidence from facilitation studies is consistent with the underlying independence of colour and luminance.
Three further lines of evidence support the presence of separate mechanisms encoding colour and luminance. First Legge et al. (1990) find no additive interaction between suprathreshold levels of colour and luminance for speed of reading of text.
Second, recent studies of patients with cerebral achromatopsia, in which localized cortical brain damage leads to a dramatic loss of colour sensation, have shown that the ability to discriminate pure luminance contrasts has been preserved (Heywood et al., 1987) . Third, it has been shown that the visual system is deficient at associating colour-only and luminance-only elements to extract a contour, whereas the same contour is readily perceived if the association required is between like elements only (McIlhagga and Mullen, 1995) . Taken together, these lines of evidence support the position that cortical mechanisms exist which independently process colour and luminance information, though it is
